The aim of this study was to develop a computerized method for the identification and description of colour areas in melanocytic lesion images based on an approach mimicking the human perception of colours. A colour palette comprising six colour groups (black, dark brown, light brown, blue-grey, red and white) was created by selecting single colour components within melanocytic lesion images acquired using a digital videomicroscope, and was implemented in the image analysis program. For each colour region, the area, the distance from the lesion centroid, the spread, the colour area distribution in the internal and the external part of the lesion, and asymmetries were assessed on 604 melanocytic lesion images in our image database. Black, white and blue-grey colour areas were detected more frequently in melanomas compared with naevi. Moreover, significant differences in colour descriptors were observed for each colour group, showing that colour areas are more unevenly distributed in melanomas compared with naevi. Using a discriminant analysis approach, the extension of dark, white and blue-grey areas and some descriptors of the distribution of the colour areas were identified as the most relevant colour parameters for differentiating between benign and malignant lesions. In conclusion, our automatic procedure breaks down the image into the colour areas used in the clinical examination process, and also supplies a description of their extension and distribution, with parameters that correlate with the clinical concepts of regularity and homogeneity.
Introduction
Early melanoma diagnosis is an important goal for dermatologists. Skin surface microscopy [1, 2] in association with a reference terminology [3, 4] improves the diagnostic accuracy for malignant melanoma (MM) [5] , in spite of unavoidable subjectivity and variability in the interpretation of dermoscopic images [3, 6] . To overcome these problems, programs for image analysis, enabling the numerical description of the morphology of pigmented skin lesion images, have been recently developed. Some of these have provided reproducible quantification of lesion features and can act as an aid for clinical diagnosis [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . In these programs, colours are described by means of numerical data calculated from different colour channels, such as the average value and standard deviation of red, green and blue (RGB) [7, 8, 10, 11, 17] or the hue, saturation and value (HSV) [12, 18] . However, these descriptors are unable to describe colours as the human eye perceives them.
Recently we described a method for the evaluation of colours in melanocytic lesion (ML) images based on an approach which is similar to the human perception of colours [19] . A colour palette comprising six colour groups (black, dark brown, light brown, blue-grey, red and white) was interactively created by selecting single colour components inside ML images acquired using a digital videomicroscope, and was implemented in the image analysis program. Colours were then assessed by the computer program on 331 ML images in our image database, and the results were compared with evaluation of the lesion colours performed by a clinician. An excellent concordance between human and machine evaluation of the number and type of colours was obtained with this method. Some colours were more frequently found in MMs than in naevi by both the clinician and the computer. Furthermore, MM images presented a higher number of colours than naevus images.
Not only do the type and number of colours vary between benign and malignant ML images, there is also a difference in the colour distribution, which strongly influences the asymmetry of the lesion. In this study a numerical description of the aspect and distribution of different colour areas in naevi and MMs was provided. The most relevant colour parameters for MM diagnosis were identified by testing them on a group of benign and malignant ML images, in order to evaluate the efficacy of descriptors in distinguishing between the two groups.
Materials and methods

Image database
A total of 604 images of pigmented skin lesions comprising 113 MMs and 491 melanocytic naevi were studied. Images were acquired using a digital videomicroscope (VMS-110A; Scalar Mitsubishi, Tama-shi, Tokyo, Japan) with a 20-fold magnification, enabling the whole lesion to be included in the monitor area. This instrument has been described elsewhere [11] . The images were digitized using a Matrox Orion frameboard and stored by an image acquisition program (VideoCap 8.09, DS-Medica, Milan, Italy) that runs under Microsoft Windows. The camera system was calibrated monthly on a set of colour patches with known colour properties (Color Checker, Gretag Machbet, New Windsor, NY, USA). The resulting colour profile was adjusted on a white test patch between each patient examination, according to the method proposed by Haeghen and co-workers [20] with slight modifications. Contrast enhancement was applied to the skin colour volume of the standard RGB (sRGB) colour space before quantification, obtaining a finer step description of each colour channel. This modified colour space will be named R * G * B * . The digitized images offer a spatial resolution of 768 Â 576 pixels and a resolution of 16 million colours.
Image analysis program
The image analysis program was created using MS visual C++ 6.0 for both palette generation and colour region detection and elaboration.
Interactive creation of the colour palette Our palette was created from a database comprising 30 pigmented skin lesion images unequivocally showing black, dark brown, light brown, red, white and blue-grey colour components, and comprised these six colour groups in 98 colour patches corresponding to the minimum number of colour shades permitting a sufficiently accurate description of single colours.
Colour region detection
The resulting palette was used to extract the colour regions from the images. Each pixel of the image was assigned to the colour patch that minimized its Euclidean distance in the R*G*B* colour space. After assigning all pixels to their corresponding patches, those belonging to the same group were merged together to form the region corresponding to that particular colour (Fig. 1) . The method for palette creation and colour region detection has been described in detail elsewhere [19] .
Colour region parameters
For each colour region, a set of parameters was extracted in order to numerically describe the colour region properties. After detection of the lesion border [21] and extraction of reference geometrical measures such as the centroid and main inertia axes according to standard algorithms, the lesion was divided into two zones corresponding to different semantic parts. The internal zone corresponded to 80% of the distance between the centroid and the furthest border point along the same direction. The remaining part of the lesion belonged to the external zone. For each colour region, the area, distance from the centroid, spread, colour area distribution in the internal and the external part of the lesion, and asymmetries were calculated. Mathematical and clinical descriptions of these parameters are given in Table 1 . 
Statistics
The SPSS statistical package (release 10.0.06, 1999, SPSS Inc., Chicago, Illinois, USA) was used for statistical analysis. The mean and SD of the colour parameters were calculated both for MMs and naevi. Differences between naevus and MM values were evaluated using the MannWhitney U-test for independent samples. A P value < 0.01 was considered to be significant.
In order to validate our method for colour description and its efficacy in distinguishing between benign and malignant MLs, the study population was randomly divided into a training set comprising 192 lesions (42 melanomas and 150 melanocytic naevi) and a test set comprising 412 lesions (71 melanomas and 341 melanocytic naevi). Values referring to parameters belonging to the training set underwent elaboration by means of multivariate discriminant analysis, and the variables used for distinction among the groups were identified. A linear combination of the independent variables was formed and a score (D), representing the basis for assigning cases to groups, was obtained for all the lesions.
Receiver operating characteristic (ROC) analysis was performed to investigate the sensitivity and specificity of the discriminant equation for image classification [22] . Sensitivity, specificity and diagnostic accuracy, estimated by the ratio between the percentage of the sum of true positives and true negatives, were calculated for each threshold (D) value. The area under the curve (AUC), which represents an index of the overall discriminant power, was calculated using the non-parametric trapezoidal method. To estimate melanoma risk, calculation of the odds ratio (OR) and 95% confidence interval (95% CI) was performed, using the D score value with the best diagnostic accuracy as the threshold value.
Results
The mean and SD of the parameters calculated for each colour group are listed in Table 2 . Black colour areas were detected more frequently in MMs than in naevi (82.3 versus 61.9%). Black areas, when present, were larger and more unbalanced in melanomas compared with naevi, as shown by greater AREA and DIST-C values. In melanomas, 11.7% of the black area was located in the external zone, whereas in naevi the external zone appeared to be only minimally involved.
Almost all the lesions examined had dark brown areas, which were less represented and more asymmetrically and non-homogeneously distributed in melanomas, as demonstrated by lower AREA and greater DIST-C, SPRE, ASYM-MAX and ASYM-MIN values. In naevi the dark brown area was distributed predominantly in the internal portion of the lesion, whereas in melanomas it widely involved the external zone of the lesion.
Light brown areas were present in 64.6 and 75.7% of MMs and naevi, respectively. These were mainly found in the external zone of the lesion in both cases, but in MMs they were smaller and more irregularly distributed, as demonstrated by lower AREA and greater ASYM-MAX and ASYM-MIN values.
Red colour areas were detected equally in MMs and naevi (37.1 and 38.9%, respectively) and no differences in their extension were found, but in MMs they prevailed in the internal zone, and were unbalanced (greater DIST-C) and irregularly distributed (greater ASYM-MIN and ASYM-MAX).
White areas were more frequently identified in melanomas (26.5%) compared with naevi (13.8%) and were more unevenly distributed (greater DIST-C and ASYM-MAX values).
Blue-grey areas were more frequently detected in malignant lesions compared with benign ones (45.1% in MMs versus 25.6% in naevi) and were larger in the former. Figure 2 shows the ROC curve for the D scores for distinction between melanomas and naevi. The AUC value was 0.830. Table 3 shows the sensitivity, specificity and diagnostic accuracy values obtained for different D score cut-off points. For a D score equal to 0, corresponding to the best diagnostic accuracy value (77.7%), a sensitivity of 77.9% and a specificity of 77.6% were obtained. According to the OR calculation, 
Discussion
Colour identification is an important step in the clinical diagnosis of pigmented skin lesions by means of epiluminescence microscopy [23] . The colours of the lesions are usually described in terms of six main colour groups: black, dark brown, light brown, red, white and blue-grey. Some colours and hues are of greater clinical relevance than others. Blue-grey areas, pink or white regions and irregularly distributed black blotches are suggestive of melanoma [2, [24] [25] [26] , but the identification of these structures is not completely reproducible [4, 6] . Semiquantitative methods based on pattern analysis have been introduced in order to improve the reproducibility of diagnostic judgement. With the ABCD rule for dermatoscopy, the 'C' score, attributed on the basis of the total number of colours of the lesion, contributes approximately 30% of the final score [27] . Both using the Menzies' method [28] and the new seven-point check list [29] , the presence of some colour structures, such as blue-grey areas and regression or scar-like depigmentation, appears to be relevant for melanoma diagnosis.
Systems for the analysis of pigmented skin lesion images have so far employed certain colour parameters for the automated diagnosis of melanomas [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . Colours are mainly evaluated in terms of their RGB [7, 8, 10, 11, 17] or HSV [12, 18] components, obtaining information on the overall coloration of the lesion but not enabling the identification of precise colour areas. Applying the median cut algorithm, Ganster et al. [16] selected 15 colours from a subset of characteristic lesions and calculated the number of colours and their extension inside benign and malignant lesions. Although these colour parameters appear to be useful for the automated diagnosis of melanoma, they do not reproduce the human perception process. We recently created a method for the identification of colour areas closely following the clinical evaluation procedure [19] . In this study we propose a procedure for colour area description to be employed by systems for computer-aided diagnosis. Descriptors of colour area size and distribution were tested on a dataset consisting of MMs and naevi using the discriminant analysis approach. This method enabled the identification and selection of the colour parameters most useful for distinguishing between MMs and naevi and, combining them in a linear equation, generated a score for each lesion for attribution to the diagnostic group, enabling discrimination between MMs and naevi with a diagnostic accuracy of 77.7%.
Colour area size and distribution characteristics for MMs and naevi were identified. In particular, the extension, asymmetry and the non-homogeneity of the black areas were typical for melanomas, whereas a regular distribution of dark areas (black or dark brown), usually located centrally and surrounded by a homogeneous light brown ring, was more frequently found in naevi. In previous studies based on dermoscopic images, the presence of red areas, corresponding to increased vascularization, appeared to be characteristic for melanoma [3, 29, 30] . In contrast, in our lesions recorded using a polarized-light videomicroscope, the red component was observed in the same proportion in the two groups owing to the effects of the polarizing filter and the blood stasis caused by placing the spacer-ring on the skin [31, 32] . However, whereas in naevi the red colour component was homogeneously distributed over the whole lesion area, in MMs the red areas were asymmetrically distributed, as shown by greater asymmetry values and a higher distance from the centroid. White colour areas appeared characteristic of malignant lesions, and were larger and more unevenly distributed than in naevi. Blue-grey areas were observed more frequently in MMs compared with naevi (45.1 versus 25.7%, respectively) and were also more extended (greater AREA) and aggregated (lower SPRE) in the former.
Parameters used by programs for image analysis usually derive from mathematical definitions not easily intelligible to clinicians and that do not correspond to the human perception of characteristic clinical aspects. Our system not only resolves the image into colour areas according to the usually employed clinical examination process, but also supplies a description of their extension and distribution with parameters correlated to the clinical concepts of regularity and homogeneity.
Although the colour palette used in this study is strictly applicable only to pigmented skin lesions acquired with the same instrument and technique, the method employed for the generation of the colour palette and colour groups makes this system adaptable to images generated by different acquisition methods.
